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Introduction: Deep brain stimulation (DBS) is an established technique helping us to study the brain and 
to improve many lives. Miniature high-resolution planar shanks are a promising technology that can 
increase the spatial precision of DBS and hence lessen DBS-induced side effects. However, due to the 
small electrode sizes, the volume of tissue activated (VTA) is generally insufficient. Optimizing the 
current distribution on the electrode surface may reduce the stimulation-induced neural damage and 
thus improve the stimulation effectiveness. Here, we explored three-dimensional low-profile electrode 
shapes and quantified the current density distributions. 
Methods: We used the 2D-axisymmetric quasi-static formulation to study the current density 
distributions on the electrodes using the finite element method. The brain tissue was modeled as 
homogeneous and isotropic with the conductivity σ = 0.1 S⋅m–1 and the relative permittivity εr = 
3.9 × 106. The electrode and the shank were defined as analytic curves and optimized numerically to 
achieve UCD distributions. A unitary potential V0 = 1V modeled the electrode of a radius r. The perfect 
insulator (Neumann boundary condition) represented the shank. A quadrant of a radius 20r truncated 
the computational domain with the Dirichlet boundary condition V = 0. We optimized of the electrode 
shape using the downhill simplex method. Considering that the total charge is conserved, we defined 
the objective function as a minimization of the current density maximum. In addition to the UCD 
electrodes, we studied square, disc, and half-spherical electrodes for validation and comparison. 
Results: First, we quantified the vertex-to-center ratio of the current density of a 12-µm2 square planar 
electrode. Discounting numerical singularities, the current density close to the vertices is about two 
orders of magnitude higher than in the center of the electrode. For the planar disk electrode, the edge-
to-center ratio reaches 10. For the optimized electrodes, the current density distribution is uniform with 
a standard deviation of about 0.1%. Next, we characterized the current density of UCD electrodes of 
various diameters from 10 µm to 100 µm. The current density magnitude is inversely proportional to the 
electrode diameter and ranges from 2 A⋅cm–2 for the 10-µm electrode to 0.2 A⋅cm–2 for the 100-µm one. 
Conclusion: These results present three-dimensional low-profile UCD electrodes for miniature high-
resolution planar shanks and quantify the current densities on these electrodes. The effect of proposed 
shapes on the charge injection capacity should be characterized in future studies.  
